The world rapid growing population, expanding economics and anthropogenic 13 activities contribute to heavy metals pollution, which are non-biodegradable, persistent and 
Introduction 1
Anthropogenic and geogenic activities contribute to heavy metals (HMs) pollution in air, 2 soil and water bodies. Heavy metals having higher densities (>5 gcm -3 ), include Cd, Pb, Hg, 3 Zn, Cr and As etc., generally refers to metals and metalloids . Heavy metals 4 are considered as toxic, non-biodegradable and extremely persistent elements in the soil Industrialization has improved the living standard of man, meanwhile posed numerous 10 health and environmental threats. Global industrialization and technological innovations 11 over the past two centuries has resulted in widespread contamination of the environment.
12
Every factory discharge effluents, mostly containing various contaminants like Cd, Pb, Hg,
13
As, Zn, As, Cu, Ni, Co, Se, and Zn into soil and water resources like sea, rivers and canals land management systems (Jiang et al., 2015) . The phytoremediation market is assumed to 6 be 34-54 billion US$ and is further expanding with the industrial race among the nations. Pignata, 2013).
The remediation of heavy metals polluted sites through phytoextraction (phytomining) 14 is cheaper and more effective as compared to chemical treatments (Ha et al., 2011; Li et al., 15 2014). Biofortification of food products, production of biofuel as new energy resource, 16 acquiring reclaimed land for agriculture and commercial purpose and biochar for climate 17 change mitigation, provides a new insight into the phytoremediation of HMs.
18
Phytoremediation indirectly increases soil carbon content, retain nutrients and improve soil 19 biochemical processes (Sheoran et al., 2013 strategies used for remediation and restoration of polluted sites are given in Table 1 .
16
Phytoremediation provides an opportunity for food biofortification with micronutrients
17
(Fe, Zn) and ultimately provide an inorganic supplement for improving human health.
18
Fortification of vegetables with Se gave impressive results (Banuelos, 2006 ).
19
Biofortification is gaining importance, as large number of international research programs 
Phytoextraction (phytoaccumulation) of Cd and Pb

13
Phytoextraction is the uptake of contaminants from soil/water via roots and their metal-hyperaccumulator and has prolific root system. Massive growth potential and high biomass production.
Extensive root system and root developing capacity in adverse condition.
4
(ii)
Ability to grow outside their area of collection.
Higher accumulation rate of target heavy metals from soil and translocation of the 6 accumulated heavy metals from roots to shoots for successful phytomining. Tolerance to the toxic effects of the target heavy metals.
Good adaptation to prevailing environmental and climatic conditions (drought, 9 temperature, humidity, salinity, nutrient deficiency and water logging).
(vi)
Easy cultivation, harvest and resistance to pathogens and pests attack.
11
(vii) Repulsion to herbivores to avoid food chain contamination.
12
Phytoextraction is an income-generating, solar driven technology, removing precious 
Phytomining of heavy metals
19
It is an environment friendly technology of growing metal hyperaccumulator plants, 20 harvesting the biomass and burning it to produce a bio-ore as shown in Figure 3 The pioneering field trial for phytomining was reported by the US Bureau of the Mines,
13
Reno, Nevada on a naturally occurring strain of Streptanthus polygaloides which is a specie 14 known to hyperaccumulate nickel (Chaney et al., 1998 Japan, Australia, Latin America and an emerging market also exists in Asia (China).
14
The economics of phytomining is influenced by a number of factors, i.e., the metal Pb and gold, respectively (March, 2016 shown in Table 4 ). The best candidate metals for literature, the plant species reported for phytoextraction of precious metals (Tl, Au, Co, Ni,
13
Cu, U, Cd, Zn, Pb, Mn, and Se) may be used for phytomining purpose after field trials. The 14 revenue (US$) to the grower is presented in Table 4 at the harvest time and at current, based 15 on the price of the metals (March, 2016). in the soil with a high CEC, more Cd was adsorbed to the exchange complexes, and hence, less Cd was available for uptake by the wheat plants. In general, sorption to soil particles 20 reduces the activity of metals in the system. Thus, the higher the cation exchange capacity
16
21
(CEC) of the soil, the greater the sorption and immobilization of the metals. The major limitations of most metal phytoextraction processes are:
7
• Bioavailability of only target metal(s).
8
• Plants accumulate metals within above ground biomass, which is low.
9
• Polluted site must be large enough to carry out phytomining.
10
• Extended time for remediation process.
11
• Limited to low and medium metal contaminant concentrations.
12
• Climate dependent/variable; seasonal effectiveness.
13
• Risk of metals transfer by food chain (to animals or air).
14
• Introduction of non-native species may affect biodiversity (competition/allelopathy).
15
• Tightly bound fraction of metals in soil clay requires higher chelate application rates, 16 leading to ground water pollution.
17
• The contaminants must be in the root zone (rhizosphere) to be drawn up by plants.
18
• Most of the hyperaccumulators are not suitable for field applications due to low 19 biomass and slow growth. 
Conclusion and Recommendations
21
Based on the previous studies the following recommendations can be made. precise toxicity assessment and appropriate dosages prescription. 
